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SPECIFICATION 



1. Title of the Invention 

WRITING METHOD FOR ULTRAVIOLET-ERASABLE PROGRAMMABLE ROM 

2. Claims 

A writing method for an ultraviolet-erasable programmable ROM which writes 
data at one time for a plurality of bits, wherein 

[a] write data for a plurality of bits is input at one time and written into the 
aforementioned plurality of bits at one time, 

[b] the data written into the aforementioned respective bits is read out, 

[c] a judgement is made as to whether or not there is agreement between this read- 
out data and the aforementioned write data that was input at one time, and it is detected 
whether or not there are bits that have reached a specified threshold voltage among the 
bits into which the write data "0" was written, 

[d] . for bits in which the aforementioned read-out data and the aforementioned 
write data that was input at one time agree, the aforementioned write data "0" is 
subsequently updated to " 1 " and written in, and 

[e] for bits in which the aforementioned read-out data and the aforementioned 
write data that was input at one time do not agree, the aforementioned write data "0" is 
written in "as is". 

3. Detailed Description of the Invention 

(Field of Industrial Utilization) 

The present invention relates to a writing method for an ultraviolet-erasable 
programmable ROM (hereafter referred to as an "EPROM"). and more specifically relates 
to a writing method which can maintain the threshold voltages of bits into which the write 
data "0" is to be written at a fixed level that is greater than a [specified] judgement value. 
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(Prior Art) 

Figure 5 shows a flow chart for a conventional EPROM writing method. 

In this EPROM, the addresses are constructed from a plurality of bits, and the 
erased state is 1, while the written state is 0. 

To describe this writing method, the initial address is first set in step SI. Next, 
fte loop number N is set a, 1 in step 2. Next, in step S3, one pulse of a constant duration 
is written into each bit of the set initial address so that write data of 0 or 1 is written. 
Next in step S4, a judgement is made as to whether or not read-out of the data written for 
all of the bits of the address is possible. Here, for a given bit, read-out of the data written 
into the bit is possible in cases where the written data ts 0 if the threshold voltage of the 
bit has reached a fixed level that is greater than a [specified] judgement value, and is 
possible in cases where the written data is 1 if the threshold voltage of the bit has reached 
a fixed level that is less than the abovementioned judgement value (these states are 
referred to as "pass states"). In cases where any address bit cannot be read out, a 
judgement is made in step S5 as to whether or not the loop number N for the bit that 
cannot be read out is equal to the loop limit value L. In cases where the loop number N -s 
not equa! to the loop limit value L, a result of N = 2 is obtained in step S6; accordingly, 
the processing returns to step S3, and the write data is rewritten. Subsequent!,, a cycle 
consisting of step S3, step 34. step S5 and step S6 is repeated while adding 1 to the loop 
number N each time, until the data written in step S4 can be read out. In cases where the 
!oop number N becomes equai to the loop limit value L in this cycle, a display indicating 
faulty writing into the EPROM is shown in step S7. and subsequent rewriting is stopped. 
In cases where all of the bits of the address can be read out, a judgement is made in step 
S8 as to whether or not the address in question is the final address. In cases where this 
address is the final address, writing into the EPROM is completed; in cases where this 
address is not the final address,, the next address is set in step S9, and the processing 
returns to step S2, so that the writing and read-out of the next address are continued. 
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Thus, for each address, one fixed-time pulse of writing and read-out is repeated 
until all of the bits of the address are in a pass state, or until the loop number N reaches 
the loop limit value L, and this cycle is executed until the final address is reached, so that 
the write data is stored [?] [poor legibility— Tr.] in bits in one-address- units. 

Figure 6 is a diagram which shows the writing characteristics in a case where 
write data "0" is written into the bits of an EPROM using a conventional writing method. 
In the figure, the threshold voltages of the bits into which the write data "0" is written 
increase in proportion to the writing time. Here, the writing time required for the 
threshold voltages of the bits to reach the level of the judgement value varies from bit to 
bit as a result of variation at the time of manufacture of the EPROM. 

Figure 7 is a diagram which shows the writing characteristics in a case where 
write data "1" is written into the bits of an EPROM using a conventional writing method. 
In the figure, the threshold voltages of the bits into which the write data "1" is written 
vary according to the writing time. 

(Problems to Be Solved by the Invention) 

In the case of conventional EPROMs, writing is performed by the method 
described above. However, since the threshold voltages of the bits into which the 
aforementioned write data "0" is written are proportional to the writing time as shown in 
Figure 6, a cycle consisting of step S3, step S4, step S5 and step S6 must be repeated 
numerous times in cases where bits of the same address include bits into which it is 
difficult to write the write data "0", so that rewriting is performed for a long period of 
time. As a result, the threshold voltages of bits into which the write data "0" can easily 
be written become considerably higher than the threshold voltages of bits into which such 
writing is difficult. 

Figure 8 illustrates this situation. There is a variation in the threshold voltages of 
bits into which the abovementioned write data "0" is written, and this variation increases 
with a decrease in- the number of bits into which data is written. As a result, in the case of 
a conventional writing method, there axe problems such as a lack of suitability forwriting 
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as pre.process.ng in tests of memory retention characters (high-temperature storage 
and high-temperature operation, etc.). 

The present invention was devised in order to solve the aboyementioned 
problems; the object of the present invention is to provide an EPROM writing method 
which can maintain the threshoid voltages of bits into wh.cn write data »0» .s written a, a 
fixed level exceeding the judgement value. 
(Means Used to Solve the Abovementioned Problems) 

The EPROM writing method of the present invention is a writing method in 
which [a] write data for a plurality of bits is input at one time and written into the 
aforementioned plural.ty of bits a. one time, [b] the data wntten into the aforementioned 
respective bits is read out, M a judgement is made as to whether or not there is agreement 
between this read-out data and the aforementioned write data that was input at one time, 
and it is detected whether or not there are bits that have reached a specified threshold 
voltage among the bits into which the write data "0" was wntten, [d] for bits in which the 
aforementioned read-ou, data and the aforementioned write data that was input a, one 
time agree, the aforementioned write data »0" is subsequently updated to »." and written 
in and [e] for bits in which the aforementioned read-out data and the aforementioned 
write data that was input a. one time do not agree, the aforementioned write data "0" .. 



written in "as is". 



(Effect) 

The present invention utilizes the writing charactenstic that the threshold voltage 
of a bit does not change even if write data "V is wntten into said bit: Specifically, the 
present invention is dev.sed so that in cases where the bits into which write data "0" has 
been written include a bit that has reached a specified threshold voltage, the wn.e data for 
this bit is subsequently updated to "1" and written into the bit, while in the case of the 
other bits of the same address that have no. ye, reached the specified threshold voltage, 
write data "0" is written .nto the bits "as is" all at one time. Accordingly, in tine case of 
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the abovementioned other bits, the threshold voltage rises as a result of the 
abovementioned rewriting performed all at one time; however, the threshold voltage of 
the abovementioned bit that has reached the abovementioned specified threshold voltage 
does not show any change as a result of the abovementioned rewriting performed all at 



one time. 



(Embodiments) 

An embodiment of the present invention will be described below with reference, to. 
the attached figures. Furthermore, in the description of this embodiment, the description 
of parts that would duplicate the above description of the prior art will be appropriately 
omitted. 

Figure 1 is a flow chart which illustrates an EPROM writing method that 
constitutes an embodiment of the present invention. This flow chart differs from the flow 
chart shown in Figure 5 in the following respects: specifically, a step S51, step S52 and 
step S53 are inserted between, step S5 and step S6. and a step S 10 is added following step 
S9. Here, in cases where the loop number N is not equal to the loop limit value L, a 
judgement is made in step S51 as to whether or not the bits of the set address include bits 
that are in a pass state. In cases where there are no bits in a pass state, the loop number N 
is increased by 1 in step S6; then, the processing returns to.step S3, and the writing of 
write data of "0" or "1" is performed by writing one pulse of a fixed duration into each 
bit. In cases where bits in a pass state are present [among the bits of the abovementioned 
set address], the information of the bits in a pass state is stored in step S52; next, in step 
S53, the subsequent write data is updated from "0" to "1" for the bits into which write 
data "0" has been written (among the bits in a pass state). Next, in step S6, the loop 
number N is increased by 1 ; then, the processing returns to step S3, and the writing of 
write data "0" or "1" is performed by writing a pulse of a fixed duration into each bit. 
Subsequently, a cycle consisting of step S3 through step S5, step S51 through step S53 
and step 6 is repeated, with the loop number being successively increased by 1 until all of 
the bits of the address are in a pass state in step S4. Furthermore, in step S9, the next 
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address is set; at the same time, the bit information stored in a pass state in step S52 is 
cleared in step SI 0. 

Thus, for each address, the writing and read-out of one pulse of a fixed duration is' 
repeated until all of the bits of the address are in a pass state, or until the loop number N 
reaches the loop limit value L, and a cycle consisting of step S3 through step S5, step S5 1 
through step S53 and step S6 is performed until the final address is processed. In this 
way, the write data "1" is written into bits in single-address units. 

Figure 2 is a circuit diagram which illustrates an example in which the writing 
method of Figure . 1 is realized by means of an external circuit. To describe this 
construction, an address signal line 3, a write signal line 4 and a read-out signal line 5 are 
connected to an EPROM 1. Address signals, write signals and read-out signals are 
applied to the respective signal lines. Each-address of the EPROM 1 is constructed from 
n bits, and n driver-comparator circuits 3 1 through 3n are provided for these n bits. The 
EPROM 1 is connected to the respective driver-comparator circuits 31 through 3n by 
means of n data signal lines 2, and the respective driver-comparator circuits 31 through 
3n are connected to a NAND circuit 13 by means of n bit pass signal lines 12. The 
NAND circuit 13 is connected to an address pass signal line 14. 

To describe the driver-comparator circuit 31 in detail, a write data signal Dl is 
input into a write data signal line 1 1 1 . The write data signal line 1 1 1 is connected to one 
input side of an OR circuit 101, and is connected to the data signal line 21 via a gate 41. 
A control signal line 6 is connected to the gate 41, and a driver enable signal is applied to 
this control signal line 6. The on-off switching of the gate 41 is controlled by the driver 
enable signal. The connection point between the output side of the OR circuit 101 and 
the input side of the gate 41 is connected to one of the input sides of an EOR circuit 51, 
and the output side of the gate 41 is connected to the other input side of the EOR circuit 
51. The EOR circuit 51 judges the agreement between the data signal 101a from the OR 
circuit 101 and the read-out data signal read out from the EPROM 1 . Specifically, the 
EOR circuit 51 makes a judgement as to whether or not the threshold voltages of the bits 
into which data has been written are in a pass state so that the data to be written can be 
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read out. The output side of the EOR circuit 51 is connected to one of the input sides of 
an OR circuit 6 1 . A control signal line 7 is connected to the other input side of the OR 
circuit 651, and a strobe signal is applied to this control signal line 7. The strobe signal 
causes the OR circuit 61 to read in the judgement results from the EOR circuit 51. A 
NAND circuits! and NAND circuit 91 form a flip-flop circuit 71. The output side of the 
OR circuit 61 is connected to one of the input Sides of the NAND circuit 81, and the other 
input side of the NAND Circuit 8 1 is connected to the output side of the NAND Circuit 
91 One of the input sides of the NAND circuit 91 is connected to the output side of the 
NAND circuit 8 1 and the other input Side of the OR circuit 101. A control signal line 8 is 
connected to the other input side of the NAND circuit 91, and a clear Signal is applied to 
this control signal line. The flip-flop circuit 71 stores those signals among the output of 
the OR circuit 61 that correspond to a pass state. When the output of the flip-flop circuit 
71 corresponds to a pass state, the OR circuit 101 changes the write data Dl from "0" to 
"1". The signals corresponding to a pass state stored in the flip-flop circuit 71 are cleared 
by the clear signal The connection point between the other input side of the OR circuit 
101 and the output side of the NAND circuit 8 1 is connected to the input side of a NAND 
circuit 13 by a bit pass signal line 121. Furthermore, the other driver-comparator circuits 
3n are also constructed in the same manner as the drive-comparator circuit 31. For 
example, for [a given] driver-comparator circuit 3n, 4n indicates a gate, lOn indicates an 
OR circuit, and 8n indicates a NAND circuit; furthermore, a write data signal Dn is input 
into the write data signal line 1 In. In cases where the outputs of the respective flip-flop 
circuits of the driver-comparators 31 through 3n all correspond to a pass state so that the 
data that is to be written can be read out for all of the bits of the address, the NAND 
circuit 13 outputs an address pass signal. 

Figure 3 is a timing chart which is used to illustrate the operation of the circuit 
shown in Figure 2. 

Next the writing method using the circuit shown in Figure 2 will be described 
with reference to Figure 3. Here, it is assumed that write data Dl of »0" » input into the 
write data signaJ line 11 1, and that a data signal 101a of "0" is output from the OR crcurt 
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10 1 This data signal 101a is applied to the gate 41, so that the driver enable signal is at a 
low level. Accordingly, the write signal is at a low level, and a data signal 101a of "0" „ 
written by wntmg one pulse of a fixed duration into [each?] bit of the set address of the 
EPROM 1 Afterward, the read-out signal is at a low level, and a read-out data srgnal 11a 
is output from the EPROM 1 . In this case, the threshold voltages of the bits [Translator's 
note- here and below, the singular/plural distinction with regard to "bits" is unclear in the 
original.) are S..11 not in a pass state; accordmgly the read-ou, data signal 1 la ,s "1". The 
EOR circuit 51 judges the agreement of the data signal 101a of «0» and the read-out data 
srgnal 11a, and outputs a high-level bit judgment signal 51a. Afterward, the strobe s.gnal 
is at a low level, so that the OR circuit 61 writes the high-level bit judgement signal 51a, 
and a high-level bi, signal 61a is output from the OR circuit 61. In this case, since the 
dear signal is at a high level, a low-level bit pass signal is output from the flip-flop circu.t 
71 Next since read-out of the write data "0" is still not possible, the output of me OR 
circuit 101 does no. change, and a data signal lOlaof'O" is output. This data signal 
101 a of "0" is rewritten into the same bit. A cycle operation consisting of the rewnung of 
the data signal 101a of "0" and judgement of the agreement of the data signal 101a and 
read-ou, data signal 1 la, etc., is repeated until a read-out data s.gnal 1 1 a of »0» is output, 
i e until the threshold voltages of all of the bits are in a pass state. However, m cases 
where the loop number N reaches the loop limit value L, a display indicating faulty 
writing into the EPROM 1 is shown, and subsequent rewriting of the data signal 101a .s 
' cut off When the data signal 101a and read-out data signal 1 1 a agree as a result of 
rewriting so that the threshold voltages of bits into which "0" is to be written are in a pass 
state (in Figure 3, a pass state [is achieved] a, the thrrd pulse), .he EOR circuit 51 outputs 
a low-level bi. judgement signal 51a. Afterward, the strobe signal is a. a low level so that 
the OR circuit 61 reads in the low-level bit judgment signal 51a, and a low-level bit 
signal 61. is output from the OR circuit 61. b this case, since the clear s.gnal is at a h,gh 
level the low-level bi. signal 61a is stored in the flip-flop circuit 71. and a high-level b.t 
pass signal 81a is output from the flip-flop circuit 71. Next, since read-out of the wnte 
data "0" is already possible, the output of the OR circuit 101 changes, and a data s.gnal 
lOlaofl" is output; this data signal 101a of "1" is rewritten into the same bit. 
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Afterward, a read-out data S1 gnal 1 1 a of "0" is output from the EPROM 1. The bit 
judgement signal 5 la is at a high level, and the bit signal 61a is at a high level; 
accordingly, the bit pass signal 81a remains at a high level, and the output of the OR 
circuit 101 does not change. Consequently, a data signal 101a of "1" is rewritten into the 
same bit. Afterward, a data signal 101a of "1" is output from the OR circuit 101, and "1" 
continues to be written into the bits. However, even if a data signal of "1" is written into 
a bit, the threshold voltage of the bit does not nse; accordingly, the threshold voltages of 
the bits into which a write data signal of "0" is to be written are maintained at a constant 
level that is more or less equivalent to the initial pass state, so that these threshold 
voltages do not change. 

• Furthermore, in cases where a write data signal Dl of "1" is input from the write 
data signal line 1 1 1, as in cases where a write data signal Dl of "0" is input, even when a 
bit has reached the pass state, a data signal of "1" continues to be written until all of the 
other bits have reached the pass state. In this case, the threshold voltages of bits into 
which a data signal of "1" is to be written are of course maintained at a fixed level that is 
' below the judgement value. 

Such a writing operation is also performed for the remaining driver-comparator 
circuits 3n, etc., in parallel with the writing operation of the driver-comparator circuit 3 1 , 
and write data signals of "0" or "1" are written into each bit of the same address. Then, 
when the threshold voltages of all of the bits within the same address are in the pass state, 
all of the bits of the address can be read out, and the bit pass signals 81a through 8n from 
the respective driver-comparator circuits are all at a high level, so that a low-level address 
pass signal is output to the address pass signal line 14 from the NAND circuit 13, and the 
next address is set. In this case, the clear signal is at a low level so that the bit signal 61a 
in a pass state stored in the flip-flop circuit 71 is cleared. Accordingly, the output of the 
flip-flop circuit 7 1 is at a low level, and the processing continues with the writing of the 
next address. 

Figure 4 shows the distribution of the threshold voltages of the bits with respect to 
the number of bits written in a case where write data of "0" is written using the 
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abovementioned writing method. It is seen that the threshold voltages of the respecuve 
bits are more or less uniformly maintained at the level of the judgement value regardless 
of the number of bits written, with these voltages showing little variation. 

Thus, in the present invention, for bits into which write data ofO" is to be 
written the write data is updated from "0» to "1" and written after the bits have reached 
the pass state; according!,, even if rewriting is repeated at one time for a plurality of btts 
in address umts, the threshold voltages of bits into which wnte data of "0" is to be written 
are maintained a, a more or less constant level above the judgement value, and the 

L - u A„ tn n f "i" k tn he written are maintained at a 
threshold voltages of bits into which wnte data of 1 is to oe wnuen 

more or less constant level below the judgement value. 

Furthermore, in the above embodiment, a case was described in which the writing 
method of the present.invention was realized using the external circuit shown in Figure 2; 
however, the writing method of the present invention could also be realized using a 
similar external circuit, an internal circuit in a device, or software. In such cases as well, 
an effect similar to that of the abovementioned embodiment can be obtained. 

(Merits of the Invention) 

In the present invention, as was described above, write data for a plurality of bits 
,s written into the plurahty of bits at one time, and the agreement of the read-out data and 
write data rs judged, so mat it is detected whether or not the bits into which write data of 
»0» has been written include bits that have reached a specified threshold voltage. In the 
case of bits in which the read-out data and write data agree, the write data is subsequently 
updated from to "1" and written. In the case of bits in which the read-out data and 
write data do not agree, the write data of "0" is written "as is". Accordingly,.!, is poss.ble 
to obtain an EPROM writing method which can maintain the threshold voltages of all of 
the bits into which write data of "0" is to be written a. a constant level above the 
judgement value. Accordingly, this method is suitable for use as a pre-freatment m tests 
of memory retention characteristics involving high-temperature storage or high- 
temperature operation, etc. 
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4. Brief Description of the Drawings 

Figure 1 is a flow chart of an EPROM writing method that constitutes one 
embodiment of the present invention. 

Figure 2 is a circuit diagram which illustrates an example in which the writing 
method shown in Figure 1 is embodied by means of an external circuit 

Figure 3 is a timing chart which is used to illustrate the operation of the circuit 
shown in Figure 2. 

Figure 4 is a diagram which shows the distribution of the threshold voltages of the 
bits with respect to the number of bits written m a case where write data of "0" is written 
using the writing method of the present invention. 

Figure 5 is a flow chart which illustrates a conventional EPROM writing method. 

Figure 6 is a diagram which illustrates the writing characteristics in a case where 
write data of "0" is written using a conventional writing method. 

Figure 7 is a diagram which illustrates the writing characteristics in a case where 
write data of "1" is written using a conventional writing method. 

Figure 8 is a diagram which shows the distribution of the threshold voltages of the 
bits with respect to the number of bits written in a case where write data of "0" is written 
using a conventional writing method. 

In the figures, 1 indicates an EPROM, 2 indicates a data signal line, 3 indicates an 
address signal line, 4 indicates a write stgnal ime, 5 indicates a read-out signal line, 6, 7 
and 8 indicate control signal lines, 12 indicates a bit pass stgnal line, 14 indtca.es an 
address pass signal line, 3 1 and 3n indicates driver-comparator circuits, 41 and 4n 
indicate gates, 51 indicates an EOR circuit, 61. 101 and lOn indicate OR circmts, 71 
indicates a flip-flop circuit, and 81, 8n, 91 and 13 mdicate NAND circuits. 
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Furthermore, in the respective figures, the same symbols indicate the same or 

corresponding parts. 



Figure 1 




[Key: [top oval] Start; SI: Setting of initial address; S2: Loop number: K <r 1; S3: One 

■ui o q^lpccq hit nresenf- S52: Pass bit information 
pulse written; S4: Read-out possible?; S51. Pass bit present., oj 

stored- S53: Pass bit write data changed to "1"; S7: Display of faulty operation; S8: Final 
address?; S9: Setting of next address; S 10: Pass bit mformation cleared; [bottom oval] 
End.] 
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Figure 2 
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[Key:] 

A: External writing circuit system; B: EPROM system; C: Address signal; D: Write 
signal; E: Read-out signal; F: Data Dl ~ Data Dn; G: Write data signal Dl; H: Address 
pal signal; I: Write data signal Dn; J: Clear signal; Kr Strobe signal; L: Driver enable 
signal. 

1: EPROM; 31, 3n: Driver-comparator circuits; 41, 4n: Gates; 51: EOR circuit; 61, 101, 
lOn: OR circuits; 71: Flip-flop circuit; 81, 8n, 91,13: NAND circuits. 

2: Data signal line; 3: Address signal line; 4: Write signal line; 5: Read-out signal line; 6, 
7, 8: Control signal lines; 12: Bit pass signalline; 14: Address pass signal line. 
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Figure 3 
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[Key:] 

A- Address signal; B: Write signal; C: Read-out signal; D: 41 Output, "1" output ,11a; E: 
Write data signal Dl; F: 101 Output; G: 51 Output; H: 61 Output; I: 71 Output; J: 4n 
Output, "1" output ina; K: 8n Output; L: Driver enable signal; M: Strobe signal; N: Clear 
signal; O: Address pass signal; P: Next address; Q: One pulse; R: Write at low level; S: 
"1" output; T: "1" input; U: Read-out at low level; V: "0" input; W: "0" output; X: Write 
data "0"; Y: Write data "1"; Z: Clearing of pass bit information; A': Pass state at third 
pulse; B': Pass state at first pulse; C: Pass state at fourth pulse; D': Pass state at second 
pulse; E': Read-out OK; F: Read-out OK. 
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Figure 4 
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[Key: A: High; B: Threshold voltage; C: Low; D: Small; E: Number of bits written; F: 
Large; G: Judgement value.] 
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Figure 5 
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[Key [top oval] Start; SI: Setting of initial address; S2: Loop number: N <r 1; S3: One 
pulse written; S4: Read-out possible?; S7: Display of faulty operation; S8: Final address?; 
S9: Setting of next address; [bottom oval] End.] 



Figure 6 
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[Key: A; High; B: Threshold voltage; C: Low; D: Short; E: Data "0" writing time; F: 
Long; G: Judgement value; H: Data "0"; I: Data "1".] 
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Figure 7 
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[Key: A: High; B: Threshold voltage; C: Low; D: Short; E: Data "1" writing time; F: 
Long; G: Judgement value; H: Data "0"; I: Data "1".] 



Figure 8 




[Key: A: High; B: Threshold voltage; C: Low; D: Small; E: Number of bits written; F 
Large; G: Judgement value.] 



[Translator's Note: The procedural amendment at the end of the original has been 
incorporated into the translation.] 
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